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cr. uni)^^m^in^(S^r^<th im^'^^r^ 

X^i 3 B ^ 6 B ;K(7)7Clgl^7:)^ b ilt^n^ ^>?'j: < ch t> 

WjXjYk^ X^iWjXjYkZi (^4^W. X. Y 
RrfZ\t. Fe, Co, Ni. C r Rt/M n ^ij^t^^^ji^m 

cf^w. x<7)^*»-:^t^mi coif;5^ejlt^tx, M:^«^2 

y--^^. 7>^^:>{b^#J. ;^;U3y::^-r MnB 
i, UnA \ (D'PU< thimr'$>^Zt^^Wiiit^ 

i> ^ ch ^ii#i»<h-r i tm<D h >^jm%& 

go 

[M^jgs] Jzt^^mmit^mt. Fe. co. n 
i, cr, Mn*^biitfn^{>fcC<^t) iffl^^s-r^ 

x«3 Bi^if&^b 6 Bm<D7tmm^^M^in^'pf^< th 



W, X, Y&tfZ«. Fe, Co, Ni, CrRXfUn 

^fc. ic*w, x(^^*>-:&«sio»*^^a« 

Bi> MnAi<^^>^j:<i:fel®'T!$»'5Ct$:1$®<hr 
-SIS** 7 i2«60fiBa^ ^ U ilB. 

1 HWf * C -SiS^S 7 fB«(7)«^^ ^: U 

^(Dj^m^x\t^mwz^Mm^noct\z^Ki. ±b 
^m&m<oo-^'>u< th-:s\z^m^^^'r^mmt 

CO 0 0 1] 

Rzst<Dm^^m\zm'r^. 

[0 0 0 2] 

"^az^y^^o^m^^zitt. ^mmit. ^mit. i&mtiit 

[0 0 0 3] tLTti, 
7^*y>'a;^^:U"^, ^g|€(*^ffl^^;^c F R AM (Ferr 
0 electric Random Access Memory) ^f)^^^f ^btl^o 

^:t-y-tm^'^ti^'^o!Ki^f)^$>^o FRAMtC 
[0 0 0 4] cn^<7)*:,«;5i«;ii:t^^^»^tt/^'J,i:LT 
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a@$nT(/^'5(^7i>^ m^^i rwanget al., IEEE Trans * 
Magn. 33 (1997), 4498J IZ^^m^tlX^^^^otJi. U 
RAM (Magnetic Random Access Memory) tJ;i{ttl^ 

i)^^m^n. mzi'y&-^'vmi^'^mx$>^ctf)m^ 

[0 0 0 5] Z<DURAU\zm^^'bn^mn.i&tti^MM 
mz h >^)m%t&tii^^ (Tunnel Magnetoreslst 
ance :TMR) ^i^«S*Mtr^fflSttl/ H >*;I^A'U 7 

m/^miimo:>^m^h>^)im'^rm^^n^o zo 
m^r^t. ^m^nmz-^omm^mLrz^w^v^m 
^mm\z^mmm^mnLrzm'^. mmitmo^mitom 
MAm\z^^crmnt&^mmf)mn^o m:^<D^m^m 

m^mmmm\z^riRsffrtw-fr(Di^m^^*)\h'rzt 

{zJ:oXhrz^^n^o 

[0 0 0 6] z<D&tn(D^itm^t^n^n(Dmitm0:^ 

[^y^mm^P I. ?2t'r^t. TIB(D^ (1) xm 
2 P 1 P 2/ (1 -P 1 P 2) ...S (1) 

[0 0 0 7] z(D^o^z. ^n^n(D7.\:^>6^mmf)^:k 
nt. zof&m^^itmo^mmz'oi.^xitzti^xiz. 
S O ^ (7) ^ ^ I c I ^ T <^ ^ s T^^v^ ^ n T ^ -5 o 

[0 0 0 8] 

<Dm^m^thL\t. h>^-)i/^^)7m^ik/vfz-y3(Dm 

^^-^>hf)wnx$>^m^^" 0"" tLx'tn^om 
x(omm&\z^K^m^ibb^noo vt^x. &tnmtm 

[0 0 0 9] ^fz. TMRm^\z{mmm\:mo/u7 
xmm^w^fi^wtEL. /uTT^mm^^h^^^^z-Dti 
xi&i^mtmf)m'pLx\^^<zt^m^nxi^^o mm 

h) xw,^mLmn(Dm:km^t^ztf)m^nxi^^^ 

[0 0 10] tZ^X. MRAMti±aiL^cTMR^T 

(r>m\z. m^ihL<Dm\Z'j^^^uTURm'¥'^M^t'^rz 



[o/)ii] ^(D^ors.^m^^^tTURm'f't^m 

4 0 ox:mm(Dm^.^'^^mt'r^xmf}^$>^(r>x. tm 

R^i^tCt)l«Hi/c{:flS»Xtt75^f^^Si:^nSo Lfi^LU 
mio. Fe. Co, N i^<^FeK7c;3gO^&^*®« 
ttltCffiVifcTMR^^ti. :feJ:^3 0 Ot:U^±TffitrC 

BTHS^WLTv^^o z(D^mmtmo>'^n:\t. tm 
[0 0 12] ^±<D<t^ic. finfcK*tHti#itRt;^* 

^^lElKf^ijy □ irX ^t^S^^^SHt^l^^-r M R A 

[0 0 13] ^mM\tz(D^^rji'^M<Dmm}^^msi:r 

[0 0 14] 

mm^m»:t^rztb(D^m ±m(om^^m^'r^rz 
isb\Zs ^m^\z%^h>^)m%i&^^^mf'\t. 
(D^m\^m<Dmz h >t-;i//N*u rm^i^Ajfz^m^ h > 
:^)m^^^t^mn.&tn^^m'F-x$>'DX. ±iB^a 

^^^mr^zt^^mtr^o 

[0 0 15] ^fz. *^0^{C^'5>K^;<^Ugfiti. - 

[0 0 16] ^m\ih>^)im'^^m^r^rztb\z{t. 

0iiA«Cr, Mn, Fe, Co, Nil¥<0 3dS^^S 

[0 0 17] L^Si^L/cC^&^b h>^;UA'U7St^, 
IC-iE-OKiP;&^6 A- 1 5 A<hffi«e)T»tife(OT*0, fl 

::>^mttl7&^^tyC r . Mn. Fe. Co, Ni^<7)3 

dm^^m7im<DmmzMvxim\zmmx$>^o ltz 

f)^oX. h>^)l/'^^JTmf}m^^i^U.Wi^\zJ:^XZ 

[00 18] cntc*fLT*s!Wtt. sda^&BTcai 

^ffl l^fc^miig tC^JBF«1{b^^^ffl ^ - <:t T 




[0 0 19] ^tz. ^^m\zm^h>^)m%&tfi^^ 

[0 0 2 0] ^miih>^)m'^<^&Bi^y^^t^BWz 

[0 0 2 1] 

mm^z^^^x. mm^pmLfj:t^^mm\zmm'r^o 
[0 0 2 2] ^^m<Dh>^)m%t&m^^m^ (« 

wzTTst^^^z. s«2±(c. Tiftisch. K^m\^m 

net. ^«tt*;!)^^/3:^e^l7i:. hy:/n-h 

MS tfj^zcDm^zmm-^nrmf^^n^o ^cotmr^ 

[0 0 2 3] ^LT*%0.^Tfrl, 5^ai±h>^>'l^S^a 9 

[0 0 2 4] z.cx\^^o^mrBm^^t\t. m^(Ditm 

XjYj^Z, (^4^W. X. YRZfZ\t. Fe. Co, 

tz. ^^\. j > kRzfi m^mx\tmmzm^m 

[0 0 2 5] ^mmit'^mt. TMRgi^^%3^^^^ 
n. Fe, Co, i m^^t}Ctf)^ttf^L\^K 

[0 0 2 6] ^fz. ^^^^^(Dm'r-oii.^^wut^ 
m!^t)^^. ^mr^m^mt. 9c\zm^rzcr. un. f 

e. Co, N ilS<7)7C3Ri:«^ig^W(cS^LT^»PBl 

c(D^ou^^m7tmx\tmmm^±x3Bmf)^ 




1$n2003-273420 

^6.B«(7)7C«tL.Ttt, A«:W»C«B, C, Ge, A 
K P> As, Sbv Bi, O. Se, Te. 

[0 0 2 7] <hC5T, 5*att^^t-^JSPBm^^i:t 

y »^ >(^S:?&^S:^cJ: o T (/ ^ ^ ^JS7C^7^^#<*T -3 T t> ^ 

^m^mt'^^x^m^^7jpi'rh(Dii\zi^»^n^o 

[0 0 2 8] mpiiim^tbX^t. «aiA«Co3B, C 
OgB, FegB, FeB, CogOAlgBg, Co 

imtLX\t. Cr. Mn. Fe. Co. N i ;&^e>a« 

j^fi^F eRl^Cof)^ibm^^n^ (Co ^^^F e ^) 
3B, (Coi_^Fe^) 2B. (COi^^F 
e^) B^X$>-DXhJ:i^K 

[0 0 2 9] ^fz. AKC, Si,Sn,N, P,S 
^^tS^mmit^mtLX^tt. FegAU N i 3A 
K Fe3Ge, FCgC, FeaC, Fe3Si, F 
65813, FegSng^ Fe4N, FcgN, Fe 
3NiN, FegPtN, Fe3P, Fe2.4Co 

0 fiP, N i CoSb, FeCoSg^J&^^^f^^ 

[0 0 3 0] ^fz. ^jx.«Fe3 (Ci_^B^) ^(D 
^o\z. mi^^myim&.^(^^^^^^^^Xh^U^^^ 
jS7c3g^7^«ig& b T ^> s^sra^k^^-e* o T t> J: v>o 

[0 0 3 1] ^fz. ^m^^7ik-r^mmit'^^tLx\t 
^.^iz^mLrz^mmit-^mzm^^nr. «six.«aa 
(omm7tm^^tsm<o3^m^^mf>^$>^xhf)^^t>u 

[0 0 3 21 •fT'cCt^-t^^^-e^^SSi^^^^T^cC^^^ 
^jSTC^^^t^^SPBlft'&^^T^^ijchLTti, Mn, Cr 

^(hLTftl^tl-SCu gMn A 1 , CugMnIn, N 

1 gMn I n, COgMnSi, CugMnSn. Ni 
gMnSn, CogMnSn^^^^^tf^n^o M 
nB, MngS i Bz^^^^Jxt^zffci^, MnSb, CoM 
nSb, P 6MnSb^(D7>^^>it'^^^'h^^X 

^(Dm\Zh. MnBi, Mn4N, Mn4 (N 
i>xCx> ^ Mn3ZnC> CogMngC, MnA 
So. sSbo. 5^7&^^tf bta^o ^tz. CrCO^B 
r«1{b&^^:bT, CuCr2Se4, HgCrgS 
64, CdCr3Se4, CfyTcg^ C r 5T 
eg. Cr3Te4, Cr2Te3, T i C r 2T 

64, cuc r 2T e ^^t)^m^f^n^^ m^<Dmtm 
mz. m^(om(D&mmit^^^z^^'^xh. ^A±\zmm 
Lfz^mmit-trnzm^^nr. m^itmm(omm7t^ 

^^ts^(D^^^rs.^'^f)^^-DXhf)^^t>U^\ 
[0 0 3 3] ;Lni^(D^mmi\:^^<D^=L^)-&m\m 
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10 0 3 41 h >^)m'b 9 (DBimi^m S RZf 

•r5«»<i:L.Ttt. mA.\iA KMg. Si.Li.C 

[0 0 3 61 ^fz. mi\Z7RtruRmf-i(^^ ^^iSi 
[0 0 3 71 K^miim4\t. ^mitmo^-ijT^i^m 

im^mstK^mii&^\z^^t^ct\zJ;:0. S^i^ 

^^ofzisbo^mmmmz^-oxhrnitm^mso^mit^K 

g$-u-r. mitm^m s (Dmit(D\^^^'^\z-'^tt^ 

mm^z^-oxmitKe^^'^^o K^m^m4^m^t^ 

i^mtLX\t. Fe. Ni. Pt. Ir, Rh^^^O 

[0 0 3 81 ^A±(D^ou^m^^7rkr±mrB^it'^^ 

^mts^mA.xi^'^^ox. "^(Di^^tLx. m^Bm^t 

^m'f-i^mmt. ^^^jm^^tLxmrnr^m^zm^ih 
Lmm^m'rrz6b\Z'£^^u^\kx$>^. -15. ^wss^ 

\z^^^m^m(r>^it^m^^hL. ^m^m^m^t 

[0 0 3 91 Lrzf)^'ox. ^^mmTURmi-w^. m 
3 0 (ix.^hm^^ots.n^xmvm'km^ntzt 

w»^m7im\z^^v>^'^)VfV)7m<Dmyki)m±^ 
n\i^TUR¥f^^mnt^^tmx^^. -rtat^ 

n ft $ n <h ^ CO s y □ -fe X is g T ^ ja M ifi $ ti ^ 
zt^-^mxh^. 



[0-0 4 01 ±.m<r>^ofs.. ssstt^^r^SFa^k^ft? 

CVD (Chemical Vapor Deposition) 

[0 0 4 11 chd^T. ^jBr«m^^^^*T^^«i^ 
lati, ^(D^^mz^^x\t'MMx^nLtzm'^\z\t^m 

[0 0 4 21 TURm^(^%mt. mn^mmmm.^ 
mxhr>xhm.%\zmt^t>nt^^^m'^h$>^t'^. mzu 

^\z^m{\:'^^^^m%\z^^^'^^t\^^^tzm.Msii^ 
^m^\ztm9&m^'nom'^. is^ms^ft^ioo 

^fTO«^, l!fti!lS*ft^3 4 0t:a±i:"r^Ci:7&W 

[0 0 4 31 ^fz. ^mm\t^m<r>&mz^^x\t. ^ 

iKttl ?!>^^Sr«1{b&feom^® e ^ «^ (I T M R It 
^^^^m%mi5'&t^^\^<\^^'t^^t^^^o:>x. M 
BE (Molecular Beam Epitaxy) ^(D^^fk^m^^X^ 
iBHft&tl<7)*JgSK^xtf3^+>/^;l/«g$-li-^Ci: 

[0 0 4 41 ^'ctiJ. *^^OTMR^T<hLTfri. 01 

®:6^«o«fi£$n^«^icis^^nf^i^o «sj^friS2[c^s 
rj:^(c, mfb@^^5?!>^ mi<7)?e5ffc@^i5 a<h^ 

2 oaikH^S 5 b hX^mm 5 c ^^fe^i^^T;^ci:^S[ 

if^CiiTtf^'T't^o gl2{C^-rTMR?^^l 0Tt^> ^ 
l(0lK<b®^S5 ad^iS^13S1414(i:g^LT:feO. iin 

u, Cu, Cr. Au. Ag^;!i^^tf '^tl'So gl2C0T 
MR*^1 0(7)ft!l(Z)giCOt<^T«, HUC^-TTMR* 

=f^\t\mn^o^m^x$>^tzii>. 0 1 tisii;jj-^$:# 
[0 0 4 51 t^tz. asfbs^® 5Rr;s*^ 

brj:-5^^{ZIS^$n-r> a^bH^® 5S:?/g*^7c^ 
< <!: t) ;5^?iiSSi4 ^ ^T^JSralfb^l^ ^ gB5^ M IC 
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[0 0 4 6] $e>lC, *«MOTMR3R^tt, MlRlfi 
[0 0 4 7] ±m<D^tr^TURm^itt. m^^iuRA 

[0 0 4 8] ^^B^^COTMR^^^^r^f^^PX^-r > 
hS<0MRAM7U-f 03tC^T. ^SIC^rMR 

WL^tfcf^y hi^BLi:CD!S5,^[JC*5«W<^TMR5g^l3&t 
03lC^-rMRAM7U-rTii, 3 X 3 <D I 
ICffll^^n-STMRS^ihLTtt. SltC^-TTMR?!! 

TMR^i^io^. ^m^hy^jm-^o^^m^mo^o 

[0 0 4 9] ^^^:'Jir;H l\t. m4\Z^T<^0\Z. 

0ijAti'>ua>sisi 2±{c. y-hmmi3. v-x 

4&afKK>«i«l 5X|i^/j:^ h^>vX^ 1 

-So N^>vX^ 1 6cOKU^>m^l 5Htl3>3^^ 

^^moTURM^i^^m^^nri^'^^o cicotmr^ 

[0 0 5 0] :^mM^mmLrzURAU\t. 9c\Z'£-<rz 
ct^(Cimttc?)i^l^TMR3g^^Wr^c/)T% 

[0 0 5 1 ] f^^. ^^m(DTURmi^\t. 9c\zm^rz 
t^^mm^mm. m%m?sm\zmmt^z.ti}^i^mr 

[0 0 5 2] 

[^mm] UT^ ^%BM^mmLrzmwm£nmm\z'D 

3^mi^'^xm.mvrz^o\z. mramic^tmr^^i^ 



nmmx\tTMR^^^m'<^fttb\zm s rc;® e ict^ 

[0 0 5 3] <||i£ei]l>S5Ri;0 6lC^'r<i:"9lc:, 
^mSWeffli^^-Sl^ttWaffl*^ (Test ElementGroup 

:TEG) fj:. S«2 l±tC, 9~ KigWL t h^B 
Li:;J|tii3gUTIS$n, :in^9- K«WL <h t: hiS 
BLiCD3Slir-5ffl^*naSfitn:34««^2 2;&<?^^£$ 

nxi^s. c:iTJ^^$n^iasmi6feig!i^^^2 2«. 

^WO. 5/zmXg$ftl. 0 /xmC7)*|Rfl^t^^M-r'5o 
^rc, 7'-Ki^WLRt/t:^y hiSBL0r^^(Cfri> 
^n«^/^>yF2 3, 2 4)&^J^fi!t$nTl^S. ^fe. 7 
-Hi^WL<hk''y hiSBLiitl. A \ zO ^ii^ioU^f^ 

mmz 5ic<:tt?Tttfiwtc«eii$n^. 

[0 0 5 4] ilCOcfc^^TEGtt, &.T<D^o\ZLXi¥ 
S^n^. 5t-r. S«2 l±tC7-KiS«<Sf^^J^L. 

^(7)ge^<&A r y^X'VtC j; Oil*^MtCX^y^>^^fT 
7-KiB*f^f£Lfco COi:^, 7-HSEJl^<^fi 

[0 0 5 5] 7-H^WLJ:{CTI5<^a«fi£d^'=> 

[0056] Ta (3nm) /Cu (lOOnm) /? 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8 nm) //C03B (3 nm) /A I (1 nm) -O^ 
/C03B (3nm) /Ta (5nm) 
[0 0 5 7] ±t^(Dmm^<Do^. A I -O^J&^^T^J:^ 
h>;^;l//N-UTlfd:, ^fe-f^SA 1 M^DCX/Vy ^ffi 
1 nmitlg$-ti-> -?-<^^{c. g^^/7;Urf ><7)riit 
Sit$: 1 : 1 <i:L, 5^'^>/N*-:tfXjaE^0. ImTor 
rtL. -fyX-^mijm^S 0 O^ftLft^^X^mA 

[0 0 5 8] ^fz. A i -O^TJ^bT^t^ h>*;WN-U7 
lit^^ti. -^^^S^-y-y h$:fflV^fe^^^^hD>XAy 

^wmLr^f>^'bf$,m^n'Drz. ^tz. coFet)^i=>u^ 

m(Om^\t. Co 9 0 a t %-F e 1 0 a t ^iiUi'^o 

[0 0 5 9] ^fz. ^mmit'^mx^^co^Bf}^(bf^ 
mitm'^m(Do%h>^)vn^)7m\zi&r^^m'& 
m mT. ^mmtmt^. ) Ro^asi^fPST^BS 

\Z\t. C o 6 7 a t %-B 3 3 a t %<^&^^-y'y K 
€rffll^fcX/^»y^$^'J >^5^^fT-:?;t. fifcK^^ 2 7 or- 
4 5 Ot:OiaS®ffl*<*T, ai©B]fiO^«L31^fT^rc. 

z,(omm^mm9m\t. w.=f'oyn^mz^^Kmi^m 
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[0 0 6 01 ±f2<^J:^;S:^mi4 W>^;Hg'&Of^S • 
Al2O3$X/ty^1-SC<i:ICct0^$10 0n 

[0 0 6 1] <mmm 2 >5*«i4 h >^)im'^(Dmm^ 

3Bi£ffl^^Tl^S. Co F e;5^^/<j:^fia{kH3t@ 

lSLZS^mM(Dm^\t. Co90at%-Fel0at% 

[0062] Ta (3nm) /Cu (lOOnm) /P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm) /CoFe (3nm) /A 1 ( 1 nm) -O^ 
/C03B (3nm) /Ta (5nm) 

[0 0 6 3] <mmm3>^m^h>^)im^(Dmm^ 

^ffiS{b@^®<^*ftfiK«. Co90at%-Fel0at 

[0064] Ta (3nm)/Cu (100nm)/P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm)/Fe3Si (3nm)/Al (Inni)-O 
x/F e 3S i (3 nm) /T a (5 nm) 

[0 0 6 5] <SIJS«4>»iKtth>^;H8&<7)@«fi!c 

TTEG^#/io -tut)-^. mmm4X'{t^^m\ZF e 
3S i ^fflt^T^/^-So /"cC^D. C o F e;5^«D:^cJ:^ISa{b@^ 
lRaf#S81<^ffl^«. Co90at%-Fel0at 

[0066] Ta (3nm) /Cu (lOOnm) /P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm) /CoFe (3nm) /A 1 (Inm) -O^ 
/FegSi (3nm) /T a ( 5 nm) 

[0 0 6 7] <mmm s >^m\i h >^-)m^<Dmm& 
^Tm(Dtiir)\zbrzct)skmt. mmmi tmmzL 

SlfCMn S b^ffil^^Tl^^o ?'j:4d. CoFe?5^6/<i:S 
ffi^bH^lOfflJ^^, Co90at%-Fel0at% 

[0068] Ta (3nm) /Cu (lOOnm) /P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm) /MnSb (5nm) /A 1 (Inm) -O^ 
/MnSb (5nm) /T a (5nm) 

[0 0 6 9] <nmw6>^m&h>^-Mi^'^(Dmmf& 
^Tm<oth^\zLrzz,tu9['\t. nmmitmm\zL 

i^IlP dMn S b^ffil^rt^^o CoFeA^e 
^cC^Siaafba^l^^^Sfi^^. Co90at%-Fel0a 



t %.rC*S, 

[0070] Ta (3nm) /Cu (lOOnm) /P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm) /PdMnSb (5nm) /A 1 (Inm) - 
O^/PdMnSb (3nm) /T a (5nm) 

[0 0 7 1 ] <mmm 7 >^att h >^)vm'^<Dmm^ 
^T$^0t^o{zLrzct&.9y^t. ^mmi t^m\zL 

SBlCCogMnS i ^m^^X^^^. fJ:^^ CoFet^ 
i^U^mim^mcO&mt. Co90at%-Fel0 
a t %X$>^. 

[0072] Ta (3nm) /Cu (lOOnm) /P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm)/Co2MnSi (5nm)/Al (Inm) 
-O^/CoaMnS i (5nm) /Ta (5 nm) 

[0 0 7 3] <ittkm>^m^h>^)it^^(^Mm^^ 
T?d.<Dt^o\zLrzz.t&s^\t. mmmi tmmzLx 
TEG^mz. f<^:^. coF e'^^ibf^^mim^mou 

j5£tt. C o 9 0 a t %-F e 1 0 a t 

[0074] Ta (3nm) /Cu (lOOnm) /P 
tMn (20nm) /CoFe (2nm) /Ru (0. 
8nm) /CoFe (2nm) /A 1 (Inm) -O^ 
/CoFe (2nm) /Ta (5nm) 

[0 0 7 5] j[^±(^ct^(C{'^iS$nrcllSS0ij 1 --^i^e^ij 
7&C/itl4fi«)c/>TEGlC'3l.^T, Tm(D^o\ZLXBf& 

[0 0 7 6] 5i«cDMRAM^Ofiam/^'JISg'C«. 

mmmmz^'Dxmn.i&mm^m'j^^mitKm^'ttxm 

t&mj}^m=F^mitK^^itx. TMRit^ai^t^co 
[0 0 7 71 :i(Dtt. m^t&ifi^^m^(D^Am^m 
itKm^it^rztb(D^3m^^> aa^oKfc^^ttJc 

nLxw-'ntu^<i:^o\z^i^Lrzo m^<Drz^(D^S!^m 

^(0±^^\t. S Q OOe tLfzo ^LX. SSiioa 
it^^m(D-y5fi^^^X. - 5 0 0Oe;d^'=>+ 5 0 OO 
e^Xmmr^tmm\Z. 7-K^WL(7)^^A y H2 
3t^y hmBL<D^^/^y K2 4 t\Zf}^f}^^n^ 7 X 
m&f)^l 0 OmVtr^^<ko\zmSiLX. ^ai4h>^ 

)m^\zh>:^)inm^mLrz. cotto. &n^m 
mzM-r^&ma^m^Lrz. 
[0 0 7 81 TMRitf^, mim^mts^mLomit 

mim^M t B*mt<omiti)^¥n<o^mx$>'DX&tn 
f)m\^'^vtmx(Di&Simt<oit^t^:it\zj;:'DX9ri^n 

[0 0 7 91 ^ft. ^nmmoy^mmRzf/x^t^^M 

(D^m^j^om^^t. ^'MMM^M^^ (Transmission 
Electron Microscope :TEM) RO^X^lnlSrt-cfc 0 ff-^ 
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[0 0 8 0] mmz. #8g@RJ//X«@4®JC^»tt 

rutD^^mm i -mmm 4 (D^^^z-o^^xm^n-r^b. 
nmm i Rif^m^i 2 xm ^^rc c o 3 b f)^ibu^mm 5 

[0 0 8 1] ^fz. mmmi. ^mm2Rxfitmm<o^. 

zss^m\zco ^Bo^^mmit-^^^m^^fz^mm 1 x 
\t. ^mmM&f)^MMx$>^m'^\zhm^^ruRit^m 

^\zco ^B^m^^^^mm2h. ^^MRz^^mm^z 
c o F e ^m^^^itmm\z]t^xm^^mi^M^^Lrz. 
z.<r>j;:ormm^ofi\±ommmMmx\m\^^f)^. co 

-BOf^'^X-^Jl^—^^C o-Co-^Co-Fe c^^^ 

m^(DfS'^x:^)\^^-j:ohm^'^rzibx$>^t%^i^n 

[0 0 8 2] ^mm3Rzs^mm4(Dwmi^m\z 

-oi^^xmmt^o nmmsRzsmmmAxm^^fzF e ^ 

it'^^o^mm^^nx^^^^^it^mmbrz. 
[0 0 8 3] ^fz. -Mmms. nmm^RTDt^mcD^. 

ofgfistcFeaS \ (D^mr^it'^^^m^'^tzmmms 
x\t. mMmmmt}^Wiuxh^m^\zhm^'^ruRit^ 

m\zco F e ^m^^^it^m\zit^xm^^Mm\i^7rsL 
fzo c0^^f<^m^M(Dit:]±,(Dj^.m^tm^x\tui^^f)^s 

Co ^B(Dm'ttmi^iZ. F e - S i 0^^x;^;U^'- 
ct 0 ii5 1/ ^ fc 36 T ^ ^ # A ^ n ^ , 

[0 0 8 4] &s±<^^mmi'-mmm4f}^i^. ^ma^ 

[0 0 8 5] u^. )^±<D^^f)^^. ^mr^vt^^o)^ 

t\m^\z^m^n^o ^rz. ^mr^^it^^o^^m^ 
^tbxmmm I --mmm4x\tB-&zfs i ^m^^tz 

Ctlbi^^lCCo-Fe^^Fe-S i^^f^lilC 

^mr^it'^^^^^t^Ttm^^^^rz^^xh-oxhco 
^ommii(r>fi]±^^^'i^^^^^^^t^^\zif'm^ 



[0 0 8 6] ^eic. ^m^Rrf/x\t^^m\z^i^x 

[0 0 8 7] ^S60tJ5Tffll.^fcMn S b}{i^^;^j:^m;P5 

oonm<z)m®ii&3 4ox;ei±icT^«as^. xmm 

mi^lQXm^'^fzP diUnShf)^^rj:^mmS 0 0 nm<D 

mMm^3 4ox:&.±\zxmt!km'ik. xmmm\z^riii^ 

(Dm^^n-Dtz^^. PdMnS bO^JBPBm^ife<7)ffi 

m^^nx^^^ct^mmLrz. ^tz. nrnmixm^-^ 

fzCOzMnS i t)^^U^mmS 0 0 nm<D^mm^3 

4 ox:u.±\zxmmmm. xmmm\zj:Dm<om^^n 
ofcje^. cogMns i<7)^jHrHm^««)ffi>&^#^n 

[0 0 8 8] ^fz. nmms--mmm7Rzsitm\(Dm 

r)^gSlJCMn S b, PdMnSb, COgMnSi^S: 

^n^nmi^^rzmmm^-Mmm7 iit. mmmumi)^ 

\tmmx\tts:^^f)^^ Co^BRUF e Kom'^tm 
m\Z. Mn-Sb. Co-S i^cT^i^W^^M^^C^^X 
:^)\^^-f}^C o-Co^Co-Fe (^^JBiB^Ofe^X 

[0 0 8 9] u±(ommws--mmm7f)^ib. mi^x^ 

^x\t^m\i^7ri^u^'^m\:'^^^mf&\^xWi^x^m 
tt^^f^sr^m^^Tt). mmmi-^mm4tmm 
\zm».^<r>\^±m^^n^ri^:itf)^t:>^^'orz. 

[0 0 9 0] ^±0^^^^^^ Un(D^f3:^-fC 

r ^mi^^Tz^mmt'^mxhox^. z<DXommM 
<r>^±m^^n^n^ctiit^^\zi'm^n^. ^fz. 

7xm\^^rz7tm\zm^^nt. z.n^^mx$>'^xh:i 
0^oum»M<o[^±mm^m^n^ct\tm^\z^m 

[0 0 9 1] 

mmcD^m] a±(Dmm(DXo\z. ^^m\z^n{m 

3 0 OX:e(±(7)BificDf»«!lglC<fcoT^)TMR4#tt 
[0 0 9 2] ^fz. Z.<DJ;:oU^^^m^^^^t^h> 

^jm^&tfi^^m'^^ffi^^^zit^z^o. ^igyp-t 
7.\zmmmxm^^tsm^xh. xy-u-homi^^ 
vfi^xmntzm^ih L#it^«ii#T^ ztf)^-^mum% 
>^=t^)^m^nmxt^. tut>'^^ ^%^^z^^^M% 
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[0 0 9 3] ^fz. *%Bjoh>;^;l.m^ffitaa^^^ 



m2] ^mM^mmLrzTUR^'f-(Dm(Dmr$>-o 

[03] *56B^a)TMR*^='^>^^»J"l:;l/<i:LTWf 

[04] EI3fc^Tp^^'j-t:;K^fe:^c»fS0"C*s. 

[05] TMR^^^I¥ffifflcOTEG(7)^®0T^'£>o 

[06] 0 5ft^A-Ai^<?)8frS0T^>^« 

[07] ^SF«m^ife<i:L.TCo3B^^W'r^TMR 



*T-<0. TMRlt<7)fSi2lSfiaft#tt«:Si§^T^rc«?><D 
[08] ^mmit^mtLXFe^S l^^^t^TU 

[09] ^mmit'^^tLXUnSb. PdMnSbX 
^CogMnS i €:^Wt-^TMR^i^O. TMRIt(^ 

1 TMR«^ 

2 S«[ 

3 TSS® 

5 mim^m 

6 h>4^;U/N*U7l 
7 

8 hy'f:2-hm 

9 ^JKi±h>*;^SE^ 



[01] 



[02] 



[03] 



J- 




[04] 




JL2 23_r 



[051 



11 _j 



[06] 




t 




i 
I 
i 



(5i)int.ci.7 mmm 
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